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We describe an isothermal gas-liquid chromatographic procedure developed for measuring thiamylal and thiopental in plasma. The unchanged drug is extracted into ethyl acetate from acidified plasma, together with an internal standard. The solvent is removed, the residue methylated, aliquots, diluted with benzene, are injected into a 183-cm gas-liquid chromatographic column containing 3% OV-17. Sensitivity of detection is in the nanogram to picogram range.
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Thiamylal (Surital#{174}, Parke-Davis) and thiopental (Pentothal#{174}, Abbott) are both drugs that are used principally as "sedative-hypnotics" to produce sleep. They are thiobarbiturates and chemically are very similar, the only structural difference is that one contains an allyl group where the other contains an ethyl group. Both thiamylal and thiopental are classified as ultrashort-acting agents and are used principally to induce an anesthetic state in conjunction with nitrous oxide or other inhalation anesthetics. Although deep sleep is of short duration, sedative effects persist for hours. Thus, it is desirable to accurately monitor the concentrations of barbiturates in the blood of patients during and after anesthesia.
Several procedures have been published for detecting and measuring barbiturates in biological fluids: spectrophotometric (1, 2) , spectrofluorometric (3), or gaschromatographic (4) (5) (6) (7) (8) . However, virtually all of these procedures are intended for toxicological screens or autopsies and do not provide the sensitivity we sought. In the most sensitive method available for either thiamylal or thiopental, the minimum detectable amount is 10 ng; its technique is alkali flame-ionization detector 'Dept. of Anesthesiology, University of Arkansas for Medical Sciences, Little Rock, Ark. 72201.
gas-chromatography (9) . Because of the inherent specificity and sensitivity of gas chromatographic techniques, we decided to pursue a similar approach. OV-1 on Supelcoport 80/100 mesh, 3% SP-2100 on Supelcoport 100/120 mesh, 10% SP-2100 on Supelcoport 100/120 mesh, or 3% OV-17 on Gas Chrom Q. Later, the coiled column was replaced with a 186-cm column packed with 3% OV-17 on Gas Chrom Q. The Tracor column was conditioned for 72 h at 275 #{176}C with nitrogen flowing through it at the rate of 60 ml/min. The Hewlett-Packard column was conditioned for 72 h at 275 #{176}C with 60 ml/min argon/methane (95/5 by vol; P-5 gas) and in the final modifications with "pre-purified" nitrogen flowing through it. 
Materials and Methods

Gas Chromatography
Calculations
Calculations were made on the basis of comparisons of sample peak heights with the corresponding internal standard peak heights. A log-log plot of sample concentration vs. peak height ratio was linear. In a leastsquares best fit of data on the known concentrations gave the equation logy = log A + B log x where x is the peak height ratio and y the corresponding concentration. Thus, a concentration y, could be calculated from its peak height ratio, x.
The equations for an actual sample column were:
Thiamylal: logy = log 1.440 + 1.004 log x r = 0.999, P < .001
Thiopental: logy = log 0.6463 + 1.158 log x r = 0.999, P < .001 We assessed the reproducibility of the recovery and assay technique by adding known amounts of thiamylal and thiopental to plasma and repeatedly analyzing these samples. One such study is shown in Table 2 . Also, the experimental error (most of which originates from error in sample-injection, volume injected, and peakheight measurements) was evaluated by repetitive injection of a single extraction (Table 3) . In an effort to optimize the procedure, we determined the interference effect of TMAH volume and of the time interval between the addition of TMAH to the sample and its injection into the chromatographic column. Volumes of TMAH between 10 and 250 il and time intervals between zero (immediate injection)
Results and Discussion
and 24 h before injection caused no more variation than did repetitive injections of the same sample. Therefore we chose to routinely use 50 izl TMAH and 15-mm methylation time, for convenience. Dilution of the methylated sample to 1 ml with benzene and injection 10-zl aliquots into the gas chromatograph allowed us to use the auto-sampler unit, and did not affect the useful range of concentrations that could be measured. In the methods developed for this study, one gasliquid chromatograph was equipped with a flame photometric detector, the other with a constant current electron-capture detector. Both detectors exhibited good response factors to both thiamylal and thiopental, but the latter is by far the more sensitive and linear of the two. A reproducible and accurate assay could be obtained by utilizing the internal standard method for plasma concentrations of thiamylal or thiopental of from 1 to 20 mg/liter with the flame photometric detector. However, usable electron-capture detector response was from 100 big/liter to 30 mg/liter for thiamylal in the presence of 1 mg of thiopental per liter, added as internal standard, and from 10 tg/liter to 30 mg/liter for thiopental in the presence of 1 mg of thiamylal per liter, added as internal standard.
The initial work in developing the method was done with the flame photometric detector (sulfur mode, 394 nm) to reduce background interferences during the analysis. Later we used electron capture because of its greater sensitivity and broader linear range for the compounds of interest. The different column packing materials (Table 1) were successively tested to determine which gave the best separation of thiamylal and we increased the length of the column from 91.5 cm to 183 cm, with the expected improvement in resolution.
The mobile phase (carrier gas) was also changed from argon/methane (95/5 by vol; P-S gas) to "pre-purified" nitrogen, a substitution made possible by the supplier's instrument-design improvements.
With use of the nitrogen carrier the linear range was decreased by about 10% (all at the higher concentration range), but the overall sensitivity of the system was increased.
The final method made possible the detection and measurement (minimum detectable amount) of 1 ng of thiamylal or 100 pg of thiopental instead of the 10 ng minimum that previously was detectable for either agent. Moreover, only 1 ml of plasma is needed for determinations instead of the 2-10 ml necessary in earlier procedures.
Hence, our procedure is more sensitive, more reliable, faster, and more precise.
